Conditions of captivity of primates used in biomedical research may have deleterious effects on the welfare of the animals and consequently on the reliability of the research. We investigated the effects of cage size and cage complexity, two fundamental characteristics of captive conditions, on the behaviour of the common marmoset (Callithrix jacchus jacchusj. We found an increase in the general level of activity and significant variation in the frequencies of specific behaviours with an increase in cage size and also with cage complexity. Stereotyped behaviours, which occurred in the small cages, were never exhibited in the large cages. The effect of the novelty of the changed conditions was also assessed and found to be significant for some behaviours. We also measured the time taken to capture an animal, a task frequently performed by the animal technician, under the various cage conditions. Capture time increased significantly in the larger cages, but the overall effect of the changes to the marmosets' housing conditions on the animal technician's work was not regarded as substantial. We conclude that the welfare of captive marmosets is enhanced by the provision of larger and more complex cages, and that such cages do not significantly affect the efficiency of the research laboratory.
Recognition of the importance of the welfare of captive primates has increased substantially in recent years. There is some controversy over methods of assessment of welfare in captivity; it is generally agreed, however, that if captive animals are able to exhibit their natural behavioural repertoires then their state of well-being is satisfactory (e.g. Poole 1988 , Line 1992 . If detailed comparison of wild and captive behavioural repertoires is impossible (as it often is), an accepted alternative is to investigate the frequencies of occurrence of 'normal' behaviour patterns (e.g. feeding, comfort movements and social interactionsl and 'abnormal'
Correspondence to: A. A. Martin Accepted 2 November 1995 ones such as stereotyped motor acts, selfmutilation and hyper-aggressiveness (Erwin & Deni 1979) .Although the process is ultimately subjective, an assessment which records a rich repertoire of 'normal' behaviours and infrequent occurrence of 'abnormal' behaviours is taken to indicate that the animals' welfare is satisfactory.
There is disagreement regarding the effects of the various elements of housing on animal well-being. Some studies of captive primates have indicated that marked changes in the range and frequency of a primate's behaviour can be associated with alterations in the physical dimensions of the captive environment. For example, Draper and Bernstein (1963) and Paulk et al. (1977) studied captive rhesus macaques and found that an increase Laboratory Animals (1996) 30. 317-326 in cage size was associated with a decrease in stereotyped and other abnormal behaviours and an increase in normal behaviours such as locomotion. These studies substantiate the existence of an effect of cage size, at least in· the short term, on the behavioural repertoire of captive primates. However, other studies of both primates (e.g. longtailed macaques; Crockett & Bowden 1994) and non-primates (e.g. rats; Bantin & Sanders 19891have reported that the impact of cage size on the behaviour of captive animals was insignificant.
The total amount of space afforded to the animal is in fact less important than the amount of usable space. Space alone may be of little value because the animal may not be able to use it, or have any reason for doing so. For primates, a large, high room with bare walls, for example, provides only the floor as usable space. Thus, the complexity of the environment may be a factor of equal importance affecting its quality. The provision of cage furnishings and cage enrichment can increase the amount of usable space, offer additional behavioural opportunities and hence enhance the welfare of captive primates (Erwin 19861. We assessed the effects of cage size and cage complexity on the behaviour of common marmosets (Callithrix jacchus jacchus) maintained in a biomedical research facility. We compared the behaviour of animals kept serially under three conditions: small, simple cages; large, simple cages; and large, complex cages. We assumed that better welfare status would be indicated by relatively higher levels of normal behaviours and lower levels of abnormal behaviours (including stereotypies). Where the data were available, we compared the frequencies of behaviours to those reported in the wild and in other captive situations.
A final crucial element of captive housing conditions is their effect on the management practices of the animal technician. If this factor is not incorporated into the studies of environmental enrichment, time and funds may be wasted developing enrichment strategies which cannot be efficiently incorporated into the daily routine of the animal house (Roberts 1989) . A change which en- Kitchen & Martin hances the welfare of the animal, but has major effects on the technician's time or seriously inflates maintenance costs, is likely to be impractical. We included in this study an assessment of the effects of changed cage conditions on the animal technician's workload.
Materials and methods

Study population
Twenty-four marmosets housed in malefemale pairs (part of a larger colony comprising 60 captive-born individuals) at the Royal Womens' Hospital, Melbourne, were the subjects of this study. They were maintained by the hospital for studies of reproductive biology, but these did not affect the conduct of our work.
The animals were housed in stainless steel cages in a room 4720 x 5040 mm in size. The cages were arranged along three of the walls of the room with an opaque glass window on the fourth wall. Thus the marmosets had visual and auditory contact with each other. Hence there may have been interdependence of behaviours of individuals between cages. We tried to minimize this effect by observing the animals one at a time.
The room was maintained at 24-2rC and 45-50% relative humidity (10-15 air changes per hour). The artificial light cycle was 12 h light: 12 h darkness, but the actual day length was longer because of the presence of the window. The diet of the animals consisted of fruit (apples, oranges, pears, bananasL dry catfood, seeds, muesli, beans and nuts. Food and water were available at all times.
Methods
Continuous recordings of the range and frequency of behaviours (listed in Table 11of each individual were made at lO-min intervals. Twelve samples of the behaviour of each individual were recorded under each cage treatment. Individuals were observed in a random order with only one sample of each individual being recorded on each day. All data were recorded at approximately the same time each day (between 12:00 and 15:00h when there were no animal maintenance or Large cages (600 x 500 x 1950 mm) immediately after the move Large cages 3 months after the move Large cages 6 months after the move Return to small cages 7 months after the move to large cages Cage complexity 1 Large simple cages (600 x 500 x 1950 mm); empty of all objects other than basic furniture (nestbox and feeding tray) Large complex cages with basic furniture and three branches, immediately after installation of the branches Large complex cages with basic furniture and three branches, 2 months after installation of the branches Large complex cages with basic furniture and three branches, 4 months after installation of the branches Return to large simple cages empty of all objects other than basic furniture, 6 months after installation of the branches Table 2 Cage size and cage complexity treatments other procedures going on in the room). Data were collected between December 1993 and August 1994. The animals did not react to our presence after a 2-week period of habituation. One of us (AMKj sat quietly 3 m from the cage and wrote down observed behaviours in sequence. The duration of each behaviour was measured with a stop-watch and noted. Cage usage, measured by the relative use of the top and bottom halves of the cage, was recorded in the cage complexity experiment ..
Cage size study
Fourteen individuals, housed in pairs in seven cages, were studied under five treatments (Table 2) . Cages in all five treatments were fitted with basic furniture (a feeding tray, water bottle and nestbox) and two branches.
Small cages (Treatment IImeasured 600 x 600 x 820 mm (high); large cages (Treatments 2, 3 and 41, 600 x 500 x 1950 mm (high). In Treatment 5 the animals were confined to half of each large cage.
Data were collected before (Treatment 1) and immediately after (Treatment 2) the move to large cages. Further data were collected at 3 and 6 months after the move to large cages (Treatments 3 and 4) in order to assess the rate of extinction of any effects of the change in cage size (i.e. to determine whether there was a novelty effect of increased cage size on the behaviour of the marmosets). In Treatment 5 cage size was reduced again Ito the approximate size of cages in Treatment 1) to test for factors other than cage size which may have influenced the marmosets' behaviour over time.
The duration of each treatment was 12 days with a total of 28 hours of observation time per treatment.
Cage complexity study
Complexity of cages was increased by the installation of wooden branches. Branches are a simple, rapidly-implemented and inexpensive form of enrichment, and hence could be effective even in an institution housing large numbers of animals. They also provide the opportunity for species-appropriate behaviours by arboreal primates.
Ten individuals, housed in pairs in five large cages (600 x 500 x 1950 mm) were studied under five treatments (Table 2 ). In Treatment 1 cages were furnished only with basic furniture. In Treatments 2-4 each cage was additionally equipped with three barkcovered branches, 20-30 mm in diameter, securely fixed so as to span the cage obliquely or horizontally. In Treatment 5 the branches were removed.
Data were collected before (Treatment 1) and immediately after (Treatment 2) the move from simple to complex cages. Further data were collected at 2 and 4 months after the move to complex cages (Treatments 3 and 4) in order to assess the rate of extinction of any effects of the change in cage complexity (i.e. to determine whether there was a novelty effect of increased cage complexity on the behaviour of the marmosets). Treatment 5 tested for factors other than cage complexity which may have influenced the marmosets' behaviour over time.
The duration of each treatment was 12 days with a total of 20 hours of observation time per treatment.
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Capture time study
Time taken to capture an animal, a frequently-performed task, was taken as a measure of the practicality of the various changes to caging conditions from the animal technician's point of view. The time taken to capture 13 females (only the females were routinely caught) five times each in small cages and five times each in large cages was recorded. All cages were fitted with basic furniture and two branches. Timing began when the technician's hand passed through the cage door to enter the cage and timing stopped when the animal was brought out through the cage door.
Analysis
Data were analysed using Systat 5.0 (©1990 Systat Inc.). There were no significant differences between sexes in any behaviour, hence the data were pooled. The significance of differences in behaviour between treatments was tested using repeated-measures ANOVAs (the preferred method of analysis of data derived from repeated testing of the same individuals; Sokal & Rohlf 1981). Preliminary inspection of data revealed no marked deviations from normality of distribution. Contrast tests were used to further analyse behaviours which showed a significant difference. Capture-time differences were analysed by means of a t-test. The critical significance level for all tests was P<0.05.
Results
Cage size
Behaviours which showed a significant increase, which was maintained through Treatments 2, 3 and 4 were foraging (F=6. There was a significant novelty effect (a return in Treatments 3 and 4 towards the initiallevel shown in Treatment 1) for locomotion (F=4.613, df=I3, P<O.036) (Fig 1) 
Discussion
Level of activity
The tendency for captive animals to exhibit a reduced level of activity in an impoverished environment is widely documented (e.g. Bryant et al. 1988 , Broom 1991 , as is the ability to reverse this effect by enriching the environment (e.g. Draper & Bernstein 1963 , Champoux et al. 1987 . A voluntary increase in activity by the animal, such as we found, is generally considered to be indicative of a decrease in boredom and stress (McKenzie et al. 1986 ) and enhanced welfare status.
Although the level of activity in the enriched (larger or more complex) cages remained above that in the unenriched cages for the duration of the study, the level of activity did decrease from that displayed immediately after the marmosets were moved to the enriched cages. A temporarily high level of activity immediately after a move to an enriched environment has also been noted in zoo gorillas [Ford & Burton 1991j ; it probably reflects the novelty of the environment and decreases as the animal becomes familiar with its surroundings.
Locomotion
The effect of the environment on the locomotion of arboreal primates is not well documented (Stafford et al. 1994 ), but there is evidence that they may show a locomotory inadequacy upon introduction to the wild from captivity (e.g. Kleiman et al. 1986) .
In this study the animals displayed higher levels of locomotion in larger cages. The fact that the increase in locomotor behaviour was achieved by increasing only the vertical dimension of the cages indicates that low cages do place a significant constraint on marmosets; Rylands (1985) emphasizes the importance of vertical space for Callithrix.
Increased locomotion in the complex cages probably reflects the increase in usable space: animals could not utilize the centre of the Kitchen & Martin unenriched cages. The branches made this space accessible and also provided additional opportunities for arboreal locomotor behaviours such as climbing and leaping.
The significant novelty effect characterizing locomotion in both the cage size and cage complexity experiments can be attributed to a high initial level of exploration of the new environment.
Foraging
Marmosets in the wild may spend up to 60% of their time actively foraging (Poole 1990 ). Unfortunately, captive conditions often do not provide the opportunity or incentive for primates to spend this amount of time foraging. Indeed, in this study the proportion of time spent foraging was as low as 1% in small and in simple cages.
An increase in foraging in captivity has been shown to be associated with a decrease in behavioural pathologies in rhesus macaques (Bayne et al. 1992) and in autoaggression and stereotypies in cynomolgus monkeys (Bryant et al. 1988) . Thus the increase in foraging behaviour recorded in enriched cages is suggestive of enhanced welfare of the animals. It is worth noting that [at least over the time-course of our study) a novelty effect was not evident.
Scent-marking and tree-gouging
Scent-marking in marmosets occurs frequently in the wild (Coimbra-Filho & Mittermeier 1976 , Rylands 1985 and is associated with both dominance and territorial interactions. The primary cause of the significant increase in scent-marking behaviour found in this study is likely to have been the novelty of the environment: a new environment will be unscented and thus likely to induce scent-marking behaviour. Scent-marking behaviour decreased significantly with time in the enriched cages; Mallinson (1977) noted that scent-marking is stimulated by the renewal of branches in marmoset cages.
Tree-gouging is associated with scentmarking (Rylands 1985) , but also allows wild marmosets to obtain gums which are an important component of their diet (Lacher et a1. 1981) . In our study it paralleled scentmarking in showing a substantial increase in enriched cages and then a decrease over time, indicating a significant novelty effect. It is possible that the decrease was the result of the marmosets' not receiving any positive (food) reinforcement from the dead branches; however, McCrew et a1. (1986) found that captive marmosets continued to gouge holes in wooden cage furnishings despite never receiving any food-reward for doing so.
Filo-tail, the startle response and aggression Pilo-tail is regarded as a sign of disturbance and stress in marmosets (Stevenson & Poole 1976) . The fact that the frequency of pilo-tail behaviour continued to fall over time in the enriched cages indicates a decreasing level of stress and a continued beneficial effect.
The startle response (flight reaction) in marmosets and many other animals follows a sudden or novel event and is associated with fear and stress (Archer 1979) . The significantly lower level of this behaviour in the large cages presumably indicates that the animals were less affected by such events. Wemelsfelder (1994) noted that primates under stress tend to show hyper-fearful responses to unexpected events; she suggests that the ability to cope with a variable environment is a good indicator of well-being in primates.
The frequency of pilo-tail behaviour and of the startle response increased again in Treatment 5 of the cage size experiment, but not to the level recorded in Treatment 1. Possibly the marmosets' level of stress in the small cages remained temporarily lower following their time in the large cages.
Captive primates such as baboons (Rowell 1967 ) and chimpanzees (Kollar et a1. 1968) show more aggression than their wild counterparts. The effect of confinement on aggression is reflected in our study: the marmosets displayed a significantly higher level of aggression in smaller cages. This, together with the greater amount of contact time shown in the smaller cages, suggests that they did not cater adequately for the 323 animals' spatial needs. The higher level of aggression shown by the marmosets in simple than in complex cages is consistent with the findings of Erwin et a1. (1976) that in pigtail macaques environmental complexity led to decreased aggression. The provision of cover and thus the opportunity to escape was found to result in lower levels of aggression among macaques (Erwin 1977) and marmosets (Poole 1990) .
Stereotypies
Stereotypies are repetitive, unvarying and apparently functionless behaviour patterns which captive animals may develop as a response to physical restraint, lack of stimulation or inescapable fear or frustration. Independent evidence shows that they are associated with poor welfare (Mason 1991a, bl . The reduction of stereotypy is therefore widely accepted as an indicator of increased well-being (Bryant et a1. 1988) . Thus the fact that the stereotypies evident in the small cages were never exhibited in enriched cages indicates that enrichment increased the welfare of the marmosets.
Stereotypies reappeared in Treatment 5 of the cage size experiment; this rebound effect is typical of animals returned to small or unenriched cages (e.g. Bayne et a1. 1991 , Bayne & Dexter 1992 .
Contact with cage-mate
There was a significant decrease in the time spent in contact with the cage-mate with an increase in cage size (but not cage complexity). Rowell (1967) noted that contact behaviour occurred at a higher level in captive than in wild baboons, presumably as a result of spatial restriction. Thus, although voluntary social interaction should be encouraged, it is evident -from the fact that the animals chose to spend less time in contact in the large cages -that the high level of contact in small cages was at least to some extent involuntary and thus undesirable. Indeed, huddling behaviour, which comprised a high percentage of all contact time in the present study, has been reported to be associated with a high level of stress in some primate groups (Rowe1119671·
Allogrooming
The most important effects of grooming in primates are probably derived from their role in fostering peaceful relationships of group members (Chalmers 1980) . Studies of rhesus macaques (Rowell & Hinde 19631and baboons (Rowell 1967) indicate that there is an inverse relationship between allogrooming and stress; thus the increase in allogrooming that we found in emiched cages is consistent with a decrease in stress.
Nestbox usage
Nestbox usage decreased significantly with increases in both cage size and cage complexity. Less time spent in the nestbox may be a consequence of two factors: a more stimulating environment and less aggression between cage-mates. There were significantly higher levels of both aggression and nestbox use in small cages and in simple cages. But in Treatment 5 of the cage size study nestbox usage was lower than in Treatment I, whereas the level of aggression was significantly higher, suggesting that two separate effects are involved.
Cage usage
The time spent in the bottom half of the cage increased significantly with an increase in cage complexity. As the marmosets spent only 12.5% of their time in the bottom half of the cage in Treatment 1 (simple cages) the increase represents an increase in the overall use of cage space in the complex cages. Thus the addition of branches to the cages provided an incentive for the marmosets to use more of the vertical space available to them. This is particularly important for arboreal primates for which vertical movement represents a high proportion of all movement in the natural situation (Godinot 1990 ).
Ground usage
Although marmosets come to the ground only rarely in the wild (Heath & Libretto 1993), presumably because of the threat of predation, promoting ground usage in captivity is likely to benefit the animal by increasing the use of available space. In this study, the time that the marmosets spent on Kitchen & Martin the ground increased with an increase in cage complexity, but decreased significantly with an increase in cage size. It may be beneficial to provide a floor covering in larger cages to encourage ground use (Box 1984, Chamove 19891· Branch usage The usage of branches increased significantly with an increase in cage size. This represents an increase in the overall usage of cage space as well as a general trend towards more natural behaviour. Marmosets in the wild spend most of their time on branches; hence this increase gave the animals the opportunity to perform natural behaviours involving branches, such as locomotion, tree-gouging and scent-marking.
Capture time
Capture time was significantly longer in the larger cages. However, the animal technician did not regard this minor increase in her workload as outweighing the benefits of the large cages for the welfare of the marmosets.
In larger primate colonies increased capture time may be a more serious problem. There are methods, however, which could be introduced to decrease handling times. Primates can be trained, for example, to enter capture boxes or cages (Clarke et al. 1988 (rhesus, bonnet and cynomolgus monkeys!; Kessell-Davenport & Gutierrez 1994 (chimpanzees)!; subjects could also be routinely fed in a smaller area to aid in capture (Anzenberger & Gossweiler 1993 (marmosets) ). Use of such methods reduces the stress of the procedure for both the animal and the technician, as well as capture and handling time (Roberts 1989) .
Conclusion
The results of this study clearly indicate that the commitment of additional space and funding to a captive calltrichid colony led to elevated frequencies of occurrence of normal behaviour and decreased levels of stereotypies in the animals. While there is no evidence that the animals were physiologically abnormal when maintained in small cages, we have demonstrated that a doubling of cage size and a relatively minor increase in cage complexity led to the development by the animals of recognizably less captivity-influenced behavioural profiles. A concurrent examination of the effects of the enriched environment on the workload of the animal technician revealed that it increased, but not to an unmanageable or problematic level.
